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In a photovoltaic device having a plurality of pin 
structures, the pin structures comprise a first pin 
structure, a second pin structure and a third pin 
structure in the order from the light-incident side, 
each having an i-type semiconductor layer, and 
the i-type semiconductor layer of the first pin 
structure comprises amorphous silicon, the i-type 
semiconductor layer of the second pin structure 
comprises microcrystalline silicon and the i-type 
semiconductor layer of the third pin structure 
comprises amorphous silicon germanium or 
microcrystalline silicon germanium. The 
photovoltaic device according to the present 
invention provides a superior photoelectric 
conversion efficiency and less causing photo- 
deterioration. 
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fefd*** 2 m 53 m PffaaKft 5 m 



|57|j»S 

A*T#^ PIN J&fcft— *M£«tl»«S « PIN » 

ttAHjtAitiBJFSfettfiBW^&mar-piNttft, * 
- pin t£mum= pin ^rft, iass*«- 

JWT->T i 3S!*§#Jg> PIN i 351*9 

*Efcft#a«£, *- PIN i ffl*»#S«l" 

«sanfej.mH pin i a*##ie««fl 
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(BJ)3T 1456 ^ 



*L £r & -£ 



I- — ^**£*PIN*iif#ttifc«Ws 

it PIN ^>y^v^#J^,B8^/ffe^-^— PIN ^-r. pin 

=-PIN ^fl-^^— >MM*—* i i^— PIN £Mi#j 

i ^^-H^>gr&^-# B ^, ^J^PIN *£#3<ft i f»4-^J&^*iMUM5-£- 
PIN i 

2. 4Mfe&*]-£-£. 1 *Mto*4h PIN i S^-f-fM^Jl. 

^">^ 300nm J. 220 Onm 6*r;g:;!fv!f_. 

3. «Lift*t*I*4S. 1 ^**S5#, ***~PIN i 3*^HH^&k 
^^JL^^f^^Hr^F^ii 8ppra . 

4. 1 ttifcfcSW, * t*— PIN grfttt n fi^H^grfe 

5. *Mfc*l#*jfc 1 PIN Jfrftft n ^-f-^fk&JL 

6. JMfcMfl-JM^ 1 «*£.fe£4K ^t^-H-PlN i ^^-f^^t 

7. 1 6^fc^#> PIN i 
J&M-Jk.^ 6 Onm 2 5 Onm . 

8. *M£*L#J^-;fc 1 6^ife.^^#, ^-t^^-PIN i 3£ 

9. ;fM£*UO*£ 1 * t^-S. PIN £H4ft i ^^M-fl^:^ 

1 0. *M**tf«-#. 1 ¥}jL*LBtf-, *t*t^— PIN^^ i Q^fa 
Jk^^\>K 5 Onm M. 25 Onm tfjM?J%-/lL. 

II- — ^PlN^fttf 

^ PIN ^^^ot^v##J^B« fe^^ — PIN PIN £Mfj#> 

PIN ^-^H^— >MMr3r— * i JL^— PIN 



I 



104 (— >Nt>t>&) . 105 . 106 (— ^f&ftM:) . 110#»113 yXStp^^- 
^^grlO?. 111^114^.. 

&^2LW *, #AJ&iU84M5 — PIN i 3*^HH^ 113 , M 

i*flU84M5J=-PlN i 110 JL^Ai^MJtAJ^^Ntia^ 

|viL PIN £M*ji$ i 105 . 

® 2 ^^^m^rA^m 1 ^f^^^^^^j^, X^^-PIN 
240 n fi^Hfc&JtJfr* n A -f-** 208 n ^tA^-H£209 
iJWMfc-SU *5-250 4L*T ; -^Mt— PIN J**, JL230 
, 4L^T— >M5-^PIN JbfH* 200 — >t^&; 201 -HT 

fe*U 202 ^—^^^^^ 203 . 209 212 n 
204. 205 . 206. 210^213^^ i Q^-^fcM; ( 204 #*206;MM^t>g: >> 
_BL 207 . 211 ^214 ^tjc p 

® 3 ^^7—*ML%l£*K -&^i^#^ge.X— PIN ^ 

^ 330 <H> n ^-f 5H*~M:&%$I n 3*#*1,^-H£ 317 ^ n ^flfcA^-f^ 303 
VM&M.i£#l. *3f— i ^-*HHMt 305 306 

fc%A&. ^W^Sl^Wl^l. £.*#Jdw3L, #^- 350^T — 
>M£— PIN JL 340 ^^J— >M£— PIN £M*g; JL**-f- 300 Ar- 

301 4-^—^11^*1; 302 ^tf— A-iTfiL&jt-M:; 308 ^ 312 

310 313 i &%-3H£M:' y JL 307 . 311 ^ 314 p 

— — 

*-f-^^H*^& 103 J. 114 3 M m 6^^^, ^ffJ*fc2fc*Mti££ 

^■#•^^5$^. 'STOM^&M^Fe, Ni . Cr . Al . Mo. Au . 
Nb. Ta. V. Ti . Pt **Pb tfj<£:M l ZL.&'^k ( :Mt#liM^iH« ) it/StfJ 



Si 3 N4. AhO*. A1N 3 ^^; «JgJBfc3& «*MHf- 

■9!-$-fe4Mb4fc ( TCO ) — ^Al. Ag. Pt. Au. Ni, Ti , Mo. W. 
Fe. V . Cr. Cu . ^4H«. 4M&-£^£r* SnO*. ImOs. ZnO I TO 

^-^^^.6t^v^#'li, 'fe^v^-f-Tg-^^M*, ik^*X^te'htfi 
^k^Wttfi^&M, 3-'Elntf$L^&J$L ( Rmax )^^M. 0. 05 p ra J.2 p in. 

10 m mtfjM-JM.. 

^fc^feL -&#:i&X^S 1 t^^X 101 , 

^-t^A 100 ^W¥iMJL^4t^1*M&Mi4*ft¥iHr3LT, &4k.-3tX&&. 
X115. /B^irfe^##^#G4HifcWK «U «|L ^ «n 

4a. ^ 4*\ 4a. 4^fp4#^^r^il-^-*»^^H«^^^r. iihfe» 



45, ^4ttA^&&M^4?&gM*ti£i. £&m4ldi&J6Ufr*#* 

#*^o.2pii2.o.M. g&MM*ua4$itig>iL*f, 

101 n 103 4Lfi|i£T4£ifc— ^^^/ffc^ 

J&&tfsF$L&jk.M (—^s£W&*LM) 102 . ^^-^cKrjL>g: 102 ^#Ll&% 

ffrjMW,ir%*L 101 ¥s&&7t^-fcM&] n S-^-JNMt'h a&JL^'fc*^— 

*.%jaL8ti£l55rjLT#-^^**^*.*L 101 115 4l|bJ^^^L^^ 

s£-^i<b3l<ft*a*8--£- 1 ^ fc#L 115^ -T-fc-f- JH^JWMt^lT l oi 
- i 

£4^8ttifcfcWf+, #JMMfc/fl'ffeJMU|5-- PIN £M*|# i 

113 -HM**h ^^^t^#^^^^-PIN £M*j<ft i ^^--f-frjg: 
110 #^-f-f£#*h JL#^^fl^#^^^^-PIN i £>4-^ffc& 

105 tf-f-^MW. p n ^**>&^T*U8# i 

IV-IV III-Y *3l*A^^-fM*#t-fe^&j»^ ( H , D 
( X ) , *NM£?7 i 3^t^^M*iHf ( &£4*> i 3l,B**USrf 

a a, -£in*m£ p i sLs^raeLaLn ^ 



Si : H. a-Si : F. a-Si : H : F. n c-Si : H. m c-Si : F „ » c-Si : 
H : F, a- SiGe : H, a-SiGe : F^a-SiGe : H : F %J£. 

£Jk4t*kiSL tt%mT&&W&&^mft+W&fi%-~ pin Zk&tfj i 
3*^H^113 tttiL&te i f!& l 4&$Ai£ ( a-Si : H ) , A 

^i%-kot^ 1. 60eV 1. 9eV tfj^^fe ( Eg ) , 41 1. 0%j£. 25. 0%#iu&^ 
( CH ) , £;§jg^L AM 1. 5 ^ 100mW/cm 2 ^^iti^PaitTBtJr^" 1- 0 
x 10- 5 S/cra^Jl^it%-^^ ( a p ) , 1.0 x lOS/cm g.£MMtV£lL^ 
#- ( a d ) , ( CPM ) «'Jt^ 55me Urback 

- p 3^J& n ^>&- 

p 3*>M* n ^>g-## A*W ( ^i^J&A « a-" ) frgt&ttft ( ^i£J£ 
^_ a P c-")-Jf^^-J^:-^-^a-Si : H. a-Si : HX. a-SiC : H. a-SiC : 
HX. a-SiGe : H. a-SiGeC : H. a-SiO:H, a-SiN : H. a-SiON : HX . 
a-SiOCN - HX v m c-Si : H . n c-SiC : H. m c-Si : HX . m c-SiC : 
HX. m c-SiGe - H . jj c-SiO : H. n c-SiGeC : H. n c-SiN : H. p 
c-SiON : HX Mm c-SiOCN : HX , 6^>AT &%J$M p 

&fatt£MM (ftto#L+¥i 111 &M^f-B* AL Ga. In i£ Tl ) ^ n 
^#%^£^#](##4t*#V;sJ^f P. As. Sb i&Bi ). £A*t*Hi& 
JLi^ "poly-" ) TfeteiH* poly-Si : H. poly-Si : HX . poly-SiC : 
H. poly-SiC : HX . poly-SiGe : H. poly-Si, poly-SiC &j8L poly- 
Si Ge t T ft P t 6* 1 1 1 afeJfc ^ B . 
AL Ca. In ATI n «^*^4fe*J^H( ^Jft4t+*4 V P , As. 



Sbi&Bi ) . 

# A^M^*-^*** ^ * # * A-f-^HM**! it 

^vg-ttyfr'Atf 0. 1 5. 50 ;&^%<Hr&K t. 

&&&p2LJ&*.n&JSt+ibMM J f- ( H, D)*j«f (X)Axj-p 

M^Sife^^ipA. p n ^^^>tts^:T^^ 0. 1 J. 40 Mrf 

%#&Sf*5. #*] A£ p n mm A*-f-**ifeJ»-T'ii»AW 
ttto^ivfcM. o. l 8 jfc-w. 4fc3r~-#ttfcH**^*2£., %M^-*> 

^^-f-^^r^T^^n^t.^t^^*^ 1. 05 2 ^. 

^^^^^^T^jlb^^^L p i QJk%M5* n i #>&4Li5JfiWF~ 

ftXjJt&mfttfj P n i^yMWk^JI^ 0. 2eV 

4,jt4M*&5£-«£, ^fe&N^JPTlOO Q • cm&gA&M.jUef-tibJLl n - cm 
>aT6§tPl^. p HM:*> n ^^^^ifc^L^r^"^ lnm M. 50nra JLjLfc3^fe.;£. 
^3 ^10nm tfj&M-^ 

(mm , sus «jH8#]&<#*f ) ^Ia^Jt^ 



^fe^ti5^^L300 ^45° Ctf&S, 0.5 j£ 50 ^ 

afc^fr^M. 0. 01 lW/cm 3 , JL$t&iS4^ 0. 1 M. 10GHz . 

£-£rtft#l RF CVD ii^m^^-JJLT, ^J^t^^->^^ 

^^^ti^l^jgLlOO j£ 350 ° Ctfj&m*, J*l^^&>fc^0. 1 _£.10^b#> 
RF ^fr^M. 0. 01 5. 0W/cm\ .BL^^d&^M- 0. 1 i 15 

^VX$Lm&.mtt\% 4 , 400 , 409 

&&^m?^&2L*mjL*L t IV ^ II I-Y %L&-k*$.lY 

#,^^fe^,^^,-^->^SiH4, Si 2 H*. SiFHi, SiF 2 H 2 . SiFaH „ Si 3 H«. 
SiD<. SiHD 3 . SiH 2 D 2 . SiHiD , SiFDs , SiF 2 D 2 . Si 2 D 3 H 3 . (SiFOs, 
(SiF 2 ) t . (SiF 2 )«. ShF*. ShFs. Si 2 H 2 F«. ShH 3 F 3 . SiCL 4 . (SiCL 2 )s. 
SiBr«. (SiBn) 5 . ShCL* . SiHCL 3 . SiH 2 Br 2 . SiHzCL^ SIjCLjFj^^^^ 

&&4£J&^&^^tit&&&&~T&teGe\l<. CeD<. GeF< . GeFH 3 . 
GeF 2 H 2 . GeFsHGeHDj . GeH 2 D 2 „ GeH 3 D . Ge 2 H«;fc Ge 2 D 6 „ 

CnHin ( n^L^#.) . C 2 H 2 . C*H6. C^CO. 

^^•#.6t^^7^"&^rN 2 . NH 3 . ND 3 . NO. N0 2 ^N 2 0„ 
^^MMfc^^^k^O.. CO. C0 2 . NO. N0 2 . N 2 0. CH 3 CH 2 OH 



CH30H . 

■f- fe^8>&^#j##, iH^BiHs. B4H.0. BsH» . BsH.,. BsH.o. B&nfrBMu 

tfjm¥}M*4t%J, *X%3%** BFj^ BCU&j&l&m. 

AICL3 . GaCL 3 . InCl^ TICL3. B 2 H6pfcBF 3 ^##]it^#. 

PF 5 . PCLj. PCLs, PBu. Ph&j&4&%. i£^*t*HET& 

^AsH3. AsF 3 , AsCL 3 . AsBn, AsF>. SbhS, SbF 3 . SbFs . SbCL 3 . 
SbCLs . BiH 3 . B1CL3 #*BiBr3. PHjifc PF 3; ^##]i#^L 

ii^^T^Ut^/^r^-S-fn^i^ H 2 . He. Ne. Ar. Xe^Kr^^ 

sic : h et, M^r^m^mhm i^#^3=>J 1/2 j£. 1/100 , Mj^jfe- 

^^^^^fc^^Ml RF 

^MC^t. ^^*L115 ^i£M-&jc^Mte)J^&Jfc&M*L%L, 
4f^?J^J>^.^^^fc^>&^^St^^^^4t^jt-^. i^ag^,^115 <&$g 

^ 550nm 80%^JLJL^.#^^. 85%^Ji^it#^. -g^ife^ 

^A^-^"5 x 10" 5 O - cmiUtftUSfeHB.^-, ^^Akoli*^ 1 x 10 ' 3 Cl-cm 
&£_fatfj*,TJLj£. ftXjmT&tfjtfft; %L*5-ib&JtLmi&*> ImO,. Sn0 2 . 
ITO ( InjOs+SnOi ) „ ZnO „ CdO % Cd.SnO*. Ti(K Ta.Os. BhOs. M0O3 V£ 

ZnO ^JA^^^T^^Jik.^:^ AK In . B . Ca . Si ^ F ; ln 2 0 3 
ffl&ftgLm Sn , F . Te . Ti . Sb Pb , £ #1 Sn0 2 ^J^.Bt^^ F . Sb . 



P. As. In. Tl. Te. 1. CK Br^I. 

ft%mA& a A*.&L#J7T&> CVD. %l 

vfeZtlS. ( spin-on processing ) fa^Suk. 

tfj % * J&tf . J8 ^ *i$#*f T 

43. 4s. £L 4£. 4a. £u 4k. 4s.. &fr4§ttfj'kM,&.&-i*>* 

it#*^M£i£lO%, JL^:^f^.^^it 5%. 

4H 1 M. 8 £j&fe>fc«f»# i 105 gL&#&fk&1&& t ¥)W^-. 

9 20 t> J&*$fc+«* i Hl^^HtM; 105 ^m H V£4£#]/ki#. 
1 

® 1 //r^^fe^M:*]/** S 4A 4B W^tfji&&i§L4k-*]&&}. 
&m 4A ^ 4B ^, 400 ^tf— ^^m^n^^Mik.^ 401 ^tjt 

— >{-^Jt^^ ( $LM)& ) ; 402 >h n Qfe ( p QM? ) #ril§J2; 

403 ^— >hMW (^gb&) i^RF i ^+4Hk&4fri£JE; 404 ^— ^ P ^ 
( i£ n 3^ ) 405 ^l^:— ^^p^.^; 406 . 407 . 408 3* 409 

^iim 410. 411 412 ;M^J&>&^; 4 1 3 ;^£j&*&-atlk . 4 1 7 

n ^.Mri & p 420 RF ^/SUf; 422 RF 

418 4^t5t MW RF i ^-^-^f^i^./g; 425 ^^MW ^l^f^; 426 ^^ 



MW ?|,Mt4h 427 ^.^MWi ' fL&j&frVtn ( shutter ) ; 428 ;MMfe.S.fc 
(4&X2f) ; 424 ^^J&sUv&m 419 &.7jzp$LM (j&nMM:) z€ 
&m 421 RF 423 4-^ RF 429 ^^^^-iH^, 

430 . 431. 432 . 433 . 434 . 441 . 442 . 443 fa 444 JL 

436 . 437 . 438 3M39 4l^**fe*l3&, ^ATn«(ApS^) 
8t*K# ^J^&Qr & Sfc; 449 ^F^M^i^, 450 . 451 . 452 . 453 . 
454 . 455 . 461 . 462 . 463. 464 . fa 465 4LzjH$-jLj^, JL 456 . 457 . 
458 . 459 fa 460 &.iF'XL±4k&&, -&4n¥)&T MW & RF i ^yg-SH^.ift ^ 
4Mfc^&M.; 469 ^M^#^i£-f , 470 . 471 . 472 . 473 . 474 . 
481 . 482 . 483 ^484 4L^#jLpq > JL 476 . 477 . 478 . fa 479 

VUfrnSt*- 4 00 *MMfc*T MWPCVD ( g -MMb^ftfeS&fe > 
RFPCVD (JHK^fc^Mfc^fofeSttfO - *\m$Lm$L%-, &-&%jUUftM; 

ioi ^ 102 #.&jM90 ±.iV&7te&tfjit-^fcM. 

n^^^tM.^i^j ^-^r—^su^n. — ^ ch< ^u^nr. — 

•^GeH^fl^. — ^ShHe^M, — 4-PH1/H1 ( ##: 2.0%) — 
>M>H t /H> 2.0%) — H, *UMJ, —>Me ^UMI. — ^ 

SiCL 2 H 3 ^#L^^— ^SiH</H; (#^: 2%) ^UM^. 

Bt>£, *JL^AT4bft>& 101 fa^.m^Mz 102 490 *st^-3S£ 

X£iM5U3£401 ¥tfi&.MAkiiL$L413 JL, JLi£JUi£401 J*l^>8t-J5*— ^4- 

(^^^) #1^^-$, VX&%&} 1 x 10" 5 -6iftiE.$£. 

&A±#j#titim. 402 t> JLJ^T£^&i&i£ftT#^Sj^&^ 410 ifc*fc 

^^^^5-^^#^J^. We, /^.M417 ^.^.7^) 

PIN RF n ^>&^^^ ) 

H, ^ilit^fMSrili/f- 429 ^LiHJi5!l^^.J^417 t- BfiJ&> 1*3 441 . 431 



430 :et*T^, JL H, 5J£i&&i&&'^&M%r 436 #t&H&4& y tLfttt 
-f- 300sccm. T&fcmAll M&&feS%— 4-^S&m ft^H^U 
*Lifi*tTl.0*>. ^M*&^410#3)i£;t, >^^^t&J^ 490 t^^i^'J 
380 ° C. ^L^-^S^^^^LBt, 1^ 443 . 433 . 444 434 *tfr?h 9X 
il.it ^^^-iHf 429 ,?rH&*^ SiH< ^UM* PHj/H2 H&MJ&fcm. 417 t- ^t^, 
SiH.^UMSaS* H I ^^,*i^PH3/H 2 ^^*>ft-^i^*^J^436 . 438 

439 tfh^m&M* >J^fc£-M%! 2. 2sccra „ 80sccra lOOsccm , JL^l^^: 
417 l*l&]J&@:$Llg:M£. 1. 3 

J^&, i^^S ( >*T#^ RF ) 422 0. 05W/cm\ JL 

RF^^^^«J^^^^^f420, >%; fc &.*£j&&fe. 

=- PIN ££#J# RF n M.J&AJL$[ lOnra iKr^^^tf^, A 

Bt^^f RF ^.^^#jh^^t^., ^.S^/k^^L PIN 2£##r RF n %LM; 103 
6t^A. SiH^^ PH3/H I ^^^H2^^#jL^A.^l^J^:417 , JLI^J&iC 

jfcjftrt-^iM.fr'f rt^*UM-£i*4Mri * 10" ^j£>#:^410 

( PIN i ) 

&§J£, ^^T^r^.^i^Ak.^^*r a-Si RF i ^>gr 104 ( — >Ht. 

/t>gr) . fca-SiGe#jdU$MW i 3^ 105 a-Si #&#F— >h RF i ^.M, 
106 — ^ffl:ifaM5 JE. PIN £M^6t. 

lTit, n^ 407 #.*r^f, >$U&&.j&490 (^^^^-Ji^^) iH^>f£ 
J#,£-^3l( ^L^Tfr) ^^^b^^ 403 ^ i 3£yg:2£3P>/g418 *K 

J&490 vZfc&itiSi-^&MJrv&m 411 ;fefr*4MM*;fr3..fc#^*»&. ^Jgr, 
i 418 iftrt^f£j#-->Nl-S3l ( 4^^) Tfb&L&g.^ AL&Mr 

1 x io- J -eiKr,&?$. 

#7#A#-2-PlN*£;ftttRF i3L£104, ^M*&^411 #3»Ji£;t>* 

300 ° C . &^MAlU*># i *f-9t, m 464 . 454 . 450 . 
463 ^ 453 &.m2Jk*Tlf-y ShH**» H* ^ilJ&^fMfri^ 449 y$L^ i 

^ 459 ^» 458 3. 5sccm ^ lOOsccm . i fgLM;^teJ& 418 ^ 



Bt^> RF 424 6^i|MfcT&^# 0. 008W/cm\ ^^LfcHfaBJft 428 , 
^^^t*., JL^n 427 ^t^. gjjfc, RF n #>gr_JL^ i ^ 

JL^&T^iv^ lOnraift i j&B=HfjLRF 3^it^:%##jL^ % 

RF^.^ 424 6t%{J{, >#£j3UF 1^,^104 6^j&. 

^ 464 . 454 . 453^450^^^, ^Si^^^H, ^^4fjL>^ 
i Q&fiitemnn , JUSt^- i 3^^^ 418 tffy^fr^fa'ftfj JL 

^/T^A^^- PIN MW i #>g- 105 , 41 4§^>]i&;t, 

r^ist^M. 490 380 ° C . &^J&&J)»$k*5-H, m 461 . 451 . 

450. 462 . 452 . 463 453 ^M:Wl^^-> v;U£SiH<^/fc. GeH< ^UM^ H; 
^^iii£^Nfri£-f 449i^i^>gr^.^418.il^., Si< ^fl^i;. GeH< 
H 2 ^^*ii.i±^a > &^^,^^]^. 456 . 457 458 ^^']#L 
48sccra . 51sccra 170sccm . i ^.MMJ^M 418 J*3#^J5_55, ii. 

RF 424 6t^4M£i£;t;M7 0. 32W/cm\ ■friU»$l J fc&Jrf 428 _L„ j5£ 
^, ( 2. 45GHz ) ( ) 0. 10W/cm\ JL^St 

>^^ii.i±^^ 426 ^^i^l^^cr 425 iS^kSlTv i Qj&tfitem. 418 , « 
JL-feH 427 ^t^r^Ff-. J=_PIN £M*?<ft RF i ^ 

ygr_M2/k^_H_PIN £M*3fK> MW i JM^J&7,M^;$ 0. 17 p m <H> i %L 

^^^^^^^^^^^-^^^ 424 ^^^^, 
_=PIN £M*J#MW i 3^105 6*r^/k. 1^ 451 . 452 ^ 453 
^.i ^>grit^^418 #SiH<. CeH<;M>^#^LA., i ^^^tl^P.&z 418 

«Hri^^^£^^U^£^l x 10 s ^fc<Hr>&5£. 

kXT^-^— >N£;tg ( ® 4B ) *t i m.M; : &tem. 418 tfjft^i3t4t#i&. 

^T^^-H-P1N#^^RF i3L&106, ^jM^IMl ^-m^y^ 
490 300 ° C . ^L^b^^ifBt, ^ 464 . 454 . 450 . 

463 453 Mtofl-, ^£ ShHs^ H 2 ^^itit^^TiH-f 449 i 
^^M418. i^Jt, Si^^^^H^^*, ^^^>^*4£ 
^•JB- 459 458 ^^J^^J^ 3. 5sccra lOOsccm . i Q^ZjpM 418 



fifc^, RF 424 0. Mm/cm 3 #nkM$\&J£*f 428 , 

JMfcH 427 ^t^r^f-. @ =- PIN Zkfttfj MWi 

3*>gJi^ik|l.= PIN RF i JL^£.7>£J?-Jl# 23nra # i ^>£, 

jJfcBt RF ^&&1zjk&jtfr*L RF 424 6$ jL, 9XlL$Jt> -=-PIN 

RF 106 I«q 464 . 454 . 453 ^ 450 #1^:^, £*. 

^ShH«^H 2 ^>fMf jU&>V i QM: s &foW-41% , i ^^x^Jg: 418 ^ 

( PIN RF p ^yg-6$^jk ) 

^T^J&^SiC^Att^PIN^ft^RF p#>irl07 , ifiMT^-n 
^ 408 ^^^,490 ilUlJ*fe-il§J^ 404 **>fiUfr^-£^- 

( ^tf) ^^JS-£# p fL&3fcfeJ|Ml9 t. ^ 490 J5t^^*^^ 
412 ^^#^j»fit>5riC., f&Jz, p ^^?^J^ 419 # 

t k l^&#l&±3!L ( *y*^S:£l >< 10 s ^b6t^^. 

412 ^'Ji^, >*4£^J& 490 <$iSj£i*J>J 300 X:. 
iS.y^#3£5tBt, J«q 481 , 471 . 470 . 482 . 472 . 483 . 473 . 484 
3* 474 KX-fcH*. SiH</Hi. B 2 H 6 /H 2 ^^CH, ^iai±n.#^rili 

^ 469 419 t- *£J£> H 2 SiH</H 2 B2H6/H2 

^iSt*** CH, ^>^.*^'J>fg-^>^J:4s:^J ^ 476 . 477 . 478 3* 479 

80sccra . 3sccm. 9sccm 0. lsccra , JL^^flg: 419 l*l#6^>ffi.$$ 
ii.i±^ T^-^iti^ ( ^^tf ) ^^T^^t-fe^J^L 1. 8 

RF ifca?. 42 3 tfjjb^$L&%L% 0. 07W/cra\ JLis; RF 
^g-^M£/£*f 421 > i ^>&Jl^^^^ 

PIN £M^#RF pQM, MM-J$L% lOnmtfRF p tbtf&m RF 

^4fjL^jt^C%., ^^o^A^^PIN RF p ^>g: 107 tfj^/k. 

1^ 472 . 482 . 473 . 483 . 474 . 484 . 471 . 481 ^470^^:35,^^ 
jtSiH</H 2 . B2H./H2. CH^H2^^p^>^>^^419^i^, JL^Jgrp ^ 
Mrfe&J& 419 1 x i0- 5 -fc^^5$. 

( %=~ PIN £M*J<# RF n QM:tf} : %& ) 

t^T^^^^PIN RF n^y&109 , H ^ 408 ^stft-^Ff-, x^tejL 



& 490 ( 0T1$A#} JL&M ) £§i«H*J!*-*-£SL ( ) ^kJ&Sr^ft 

HtigM 403 t> £-nm 407 4L&L*TJf?JL&£-J& 490 *&-3U«l>fgJ#— 
( ifcJLnc ) ^^.^^^^-itJ^ 402 n ^>gr^l^Jg: 417 t- 

Jfcjfc 490 ^*t^^l-W^ 410 ^^^Jli^^r^i?&#5ll^ 
jfe. ^-^r— >K^3l (^l^^:) *Sn#>g:^:^J^417 

1 x 10" 5 

^>&& 410 #5'Ji5^t, kX^S-^. 490 320 ° C . £1- 

J&&.JlL3t&M&.*t,j&ftm 443 . 433 . 444 iM34 >';a&SiH«^PH3/H ^ ;S L#- 
iIJ&^ftefrilt^ 429 . SiH.^al*. H: *L#^S.* 
PH,/H, ^^^.*^-^>j^*is:*J^ 438 . 436 439 .^#];fkiM?]>£- 
lsccm, 150 sccm^8 seem, 41 ft-fy&}J&&i$J&ft)fc 1. 2 

RF 422 ^^^BtgL3l# 0. 07W/cm\ JL RF ^M^fcaUiRF-S 
^^fy&M- 420 ?Xf*£j^iUik*L. 9^, ^H4^^.PIN^6t RFp 
-t-^^^-^PIN RF n JL^A>&Jf-^J& lOOnra 6t RF n ^>g-, it 

Bt^i^f RF ^,^#jh#ife^C^., ^rfa^/k^ — PIN £t#Ji# RF n 109 &} 
SiH<. PH3/H2^H 2 ^^^^l^^41 tf&AatffjL, JL^gC^J^^ 

rt^P^^^^^rt^#:^-^-^:^i * 10" 5 ^J^?$. 

( PIN i ) 

t^T^^^M c-Si 6^^^-PIN#^^ i 3^110, H^ 407 *t*T:?f 
K^feS-^ 490 (*^A6*JLi&^) ilL^^— ( If-jtAh 
403 ^ i 418 t- 

^>*&^ 411 ^'JiSl^^jbS^ 490 380 ° C . 

*bMk*f »t, ^ 461 . 451 . 450 „ 462 . 452 % 463 453 ^t^-f£4r 
^f-, ^SiH^H^^itit^-f^-ili-t 449 ilAi ^vg-2t*SJl£ 418 . i£ 
JL, SiH< *L4fcft**» H 2 456 ^ 458 

50sccra 1500sccm . i 418 tfj ft#i&i±^^p4HM 

( ^l^tf ) 6^^r^f-^#:4£^J^ 0. 03 ^b. 

J^J^, RF 424 fi^3Mfci£5ti& 0. 15W/cra\ ^ikM^fa&M 428 
JL. figjgr, ^UiL^» ( 0. 5GHz ) ( *fc#:5ti& 0. 10W/cra\ JLiglSt 

^^-ii^t^j^f 428 tf^^U'J i 3Lgr&=fcj!£4i8 t» rxrik&jUSok. 



Sjtfc, ^HMl^— PIN Zkfttfj RF n fLS-Ji^A PIN i # 

1. 5 m m jft-N-^f-it^^b^^.^^^^^^ 424 tfjlfc 

ilj, "N i ^ygrllO 451 ^ 453 ^t^:^, 

4£ SiH<#» H, ^>fc>ffjU£A. i ^yg-SH^JtS 418 , i 3>>&3fcl*JI£ 418 ^ 

(|5^PIN£Mfj#RF p3UM**gA) 

^T^^.fc^"SiC^^^-PIN^^RFp^>i:lll, ^.^.490 
;ML_t^#>g) ^-^^-S-PIN RF p 107 tenft^ ^&]*SLxL. 

m pin rf p x **j»at«s*i 

80sccm v 3sccm . 9sccra ^ 0. 2sccra , 260 ° C 65 

PIN^fi^rRF n^&fi**M.) 
7^J&& a-Si PIN RF n 112 , 1T;£,*r^f H 

HQ 408 J*tfe£j& 490 (^^A-£_h^#Jy&) ^ilU'J>fg-*&— >K^£^ ( *JL 
^) ^;^&^^#lfriliJ!S 403 t, JLHI^ 407 -tM£^>*te^J& 490 #Tx& 
4-4-^^. ( *J£.* ) 402 ^ n QMzT&tefik 417 

t- 

tf^^-PIN RF n %.M&jfiLfc&j-frJ8L&$i]S;M_ y KgjVk&ltf^ 

&%\%r 438 . 436 ^ 439 SiH« ^/fMLl:. H* ^<f£>£*3* PH3/H2 
'?$-?i\k£Mfc- 1- lsccra „ 50sccm ^ lOsccm , ifctelg. 417 ^-Ip^JS.^^:^:^ 
1. 05 -t, JL£.J&>&3g- 4 1 0 ^-Mi^y^t^M. 490 230 0 C . 

gjjifc, ^^.T^— PIN^^^RF n^>&112. 
PIN^^RF 

^7T^^fe^a-Si 6^^— PIN ^^60 RF 13^113, ^^^^^ 
PIN£M*j#RF i ^ygl04^JS]^^^isilL^^.490 ( %>1%& t &Xfatf)Mz ) . 

/a^-fi pin £M*j# rf i 104 tfti^tf r^^-^s, 

J&k&ILZl 190° C, Si 2 Hs^^t,*^H2 ^^>^*^^^>& 6t >j?l**^] S 
464 ^ 463 ift^JS'J^gtJs^J^ 2sccm ^ 200sccm , >Z&Rk All 

0. 8 ^6, JL RF *h^$L&^$j 0. 007W/cm\ QjHi, ^j^T>gr^-^ 0. 09 



M m#RF i MM: 113 . 

( %— PIN £M$# RF p 3Lgr#^& ) 
7& ?1&A&te SiC PIN RF p 114 , PIN 

RF p3Lgr 101 temtfj3-£,i££l&M, 490 (^^J&jSEjifljfi^) . Jfl 
PIN £M*ltf RF p^^f$Jgr^^#fjT^ X^Hi^f^Ljr. 
SiH^ft^Sfe*. B1H./H1 ^Ltf-Sfc**- CH< ^^^**J»afc*feHWS&A^JPj 
90sccm „ 3sccm „ 8sccm ^ 0. 4sccra , JUfcMikJtt- 170 0 C i& 

fk$&lk ( £JM^ ) */UM|.£tt*MfcJ6: 405 1> -EL— ^-mm ( ) 

*fcb-*f-«Ufc— Kfc#^?$M 405 t*&ifc- 

— PIN RF p 114 _L, &&$r^m&mz&M: 

#,^70nnn# ITO , 115 .. 

&1&&&teCr ( 40nm )/Ag ( lOOOnm )/Cr ( 40nm )##UMI:*. , Ma. 1 1 6 . 
SA, ^T;M*i*ifc'fc*iM**W. ik&iz&ft&Jb&.&% SCEx-1 . 

1-1 

*-S.PIN<**«n4l>By|Jfi"a-Si . |5 =.PIN jfcHhft i 
JL^a-SiGe, 3?— PIN^ft^n^^pL^a-Si JL^J=-PIN^6^ i 
JMfa-Si ,^n^p^'J^ RF S^/^T^fc^ SCCp-1-1 . 

SCEx-l ^ SCCp-1-1 t^#— 4s ^J-#-T.£-^#^, JL«j 
*^ntt^:teifcfc$Nfe#:4^ ^&&>jjL ^35 0 C^jgL-^AM 1. 5 
( 100mW/cm J ) 2000 >h*t ( #T## "^i&i^" ) Bt3M^*t1^d& 
^ 85 0 C ^ 80%RH fi$a/£.T>fcfli-*h2000 *Bfr4u&#3t^( « 

^mit&fcf%^£-tf)fc$LU J fr^&- J 5- AM 1.5 ( 100mW/cm 3 ) tfjfcBfraN:!: V- 
I #'J£^;tiKr. 4Mf*1:f:fi$$££., « SCEx-l 1 Bt SCCp-1-1 tfj 



#'&.**T: W-&jt*L¥t&&$ L ' 0. 89 &\ M3&*L7&: 0. 92 4g-; ifcipLi&i£. 
^: 1. 08>fg-; ^&'fctiiugj&^: 1. 15 4g-; 0. 94 tk&'gr. 

0. 94 

% i *>g#**A*»#«#. 
J**fcl 1-2 

MW i 105 , SiH« GeH< *L#.3fc**» H> 

^J^^Hr^**^^ 456 . 457 458 4sccm . 3sccra 

200sccm , JL i QMRtefe 418 ft-sptfj 0. 8 

-fti& *«SUfc^T*4«i**^ « SCEx-1 1 Bt SCCp-1-2 # 

#4tdk*»T: $9d£jfc.fe4Hfc4t4^ 0. 92 te\ 1. 05 41-; **ft4£ 

1. 13 -fg-; *kak^iE: 0. 96 0. 98 4g-. 

2 

1 t, c-Si 6^J=-PIN £M*?# i S-f-?-fr>&*.#J««Ufc'fc 

ft ( 2. 45GHz ) >ft$«U&.fe& < 0. 5GHz ) rfo^^T^iMMuft- 

,£-jM«*&3g- 411 *f$']i£5t, ^^^.^.490 #>i&/£i£#J 380 ° C. % 
£^)&&Jj0$U*f-H, n 461 , 451 . 450 . 462 . 452 . 463 ^ 453 teMA^ 
ft, ^SiH^H 2 ^ii.it^#^-i€^ 449 ^>&^Jg:418 . 

X, SiH< H, ^#-^.*^/N^^^.J:^J^ 456 ^ 458 

25sccm ^ 500sccm . i 418 1*3 -SjS 

5r&n ( ifcJL?F) <ft^T^f, ^#L^J^t 0. 02 

Sgjgr, RF ifeft 424 #j^4M&i&5t37 0. 15W/cra\ fti&jfa&]&J±.tf 428 . 
P^J&, #t$*jfeft ( 2. 45GHz ) 6^4M£i&;t;$ 0. 10W/cra 3 , JLT&^Uk^it 
it-fe>S^f 428^^i3U'J i ^>&>£3*Ji£418 t, «ifejMMk&*.- ft 



